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NEED OF DRAIWAGE. 

The "ITnitcd States needs more drainage. Good examples of drain- 
age ean be found in praetieally every State, but there are millions 
of acres that still require it. Tile Middle Western States have done 
tlie most draining, Ohio, Indiana, Illinois, and Iowa leading in this 
reepeet. Of the elay draintile manufactured in the United States 
in 1910, the produet of these four States was 85.5 per eent of the 
entire output. 

Although there is urgent neeessity for drainage in Minnesota, 
Jliehigan, Wiseonsin, Missouri, Arkansas, and New Yorli, compara- 
tively little has been done. Along the eoast from Kew Jersey to 
Texas, inelusive, every State has gigantic drainage problems almost 
untouched, while throughout the country there are lands that must 
be drained before maximum returns can be obtained. In reality, 
drainage iu the United States is only fairly bejgun, and its imiMnee 
possibilities are but little known. 

Ijmkt fetSTEM 0* CRAINAGte. 

An ideal system of drainage is adequate, permanent, not a hin- 
drance to cultivation, and uses the least possible land. Such a sys- 
tem is most nearly secured by the use of lar^ ®i4tl»ts, eithftr opmi Qlr 
covered, into which tile drains empty. 

The open-ditA system commonly found ia thife Sout-h A*l%ntie Mid 
Southern States, and occsSionally in other parts of the country, does 
not fulfill these requirements. Valuable land is occupied by this 
system, and the drainage is seldom thorough. Unless well eared for, 
the ditches become filled, and it costs heavily in time and money to 
keep these cleaned out and to keep the brush and weeds cut off the 
bank. The fields are cut into small tracts, thus making short rows, 
hindering the use of improved machinery, and increasing the ex- 
pense of cultivation. Sometimes the area occupied by the open 
ditches thomsclvee is as miieh as 10 per eent and frequently 5 per 
cent of the areti drained. 

624 a 



4 



TILE DBAINAC.E ON THE FARM. 



IMPORTANCE OF THE OUTLET. 

In draining land, tho outlet is tlio first consideration. On rolling 
or hilly lands this is ordinarily present, as Iho water washes out a 
clinnnel, nlthou<;h for best scrvieo it may need straightening or clean- 
ing out. Oil low, level land nii artificial outlet is usually necessary. 
Where all the hind needing uii outlet is owned by one man, he must 
provide it nt his own exi>ena«. Wll#r»Al!?« or inoro farms or a dis- 
trict re<iuiro a common outlet, the costs fdioidd I>e paid by ass^Htiinents 
*)n all the land benefited. The topography detevminea tho boundaries 
of a district. It may contain only a few thotmnd acres or it may 
bo several hundred square miles. 




Pt«. 1. — Outlet ^tcb, ahowtox bow tti« dirt abould bo thrown bftek from R dlteh Mo 
tbat It can be IrvrltMl and plowed. 



In making a drainage outlet for an inilividual farm the services 
of an engineer may or may not bo required, depending on the ability 
of tlio owne-r of the land or the man who has charge of the work. In 
providing district outlets, however, an enfnneer is necessary. 

An outlet for level land should bo straight and deep. Curves and 
crooks check tho flow of water and aro likely to cause tho ditch to 
fill. Other things being equal, water flows moro rapidly in a deep 
ditch than in a shallow one. Vegetation is not so likely to grow in 
the bottom of tho deep ditch. It may be necessary to place branch 
drains deep at the beginning to secure suiEcient fall, so the outlet 
hhoiild bo deep enough to take care of this. Kxcept under extraor- 
dinary conditions, wl»«ie it is impossible, a district outlet for level 
land should never be less than 6 feet deep. Within reasonable limits 
the deeper tho outlet ditch the moro efficient it will bo. 

All the fall possible consistent with good management should be 
secured for open ditches. These work well with a drop of 4 feet to 
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the mile, but of iiece«sity some are made with ns little as «. 1-foot 
drop. 

The sides of a ditch in loamy soils subject to freezing should be 
made at an angle of 45°. In sandy soils more slope is necessary, 
while iu stiff soils subjected to little freezmg loss will do. If the 
sides arc made vertical or nearly so, the earth affected by the water 
will cave in and partially fill the ditch. 

These outlet ditclics arc usually exeavated with a dredge, although, 
if the soil is not too wet, teams and scrapws may be used. 

Outlets should follow in general the natural course of the water. 
If they can be heated by the side of roads they will not divide fields 





Fio. 2. — Large oatlet ditch with the ff^^n<? m Tfee dtmewtooa *re 

0 feet deep, G feet wide ot the bdtto^, a*a H l^ct wfcle »t tfee 1^. 

nor will they be seriously iu the way of farming operations. The 
ditch will drain the road and the earth excavated may be used in 
building it. Sometimes to promote efficieney and economy in the 
drain it may be neccsesry to divert ^e oti^l^ frosii natural 
watercourse. 

Where the diteh runs tihronnh h fiftld the curtii should be thrown 
several feet back from tJift I'Mi^k in»t«iid of cl<>«« to it (fig. 1), so the 
farmer ean level it and i>low over it. OjKviings ^oiild bo m{Nie in 
the earth at inter\'«ls to let the wftter throuj^h. Figure 2 show^ a 
largo outlet ditch with the groiind leveled on both sides. 

In the ^Middle West, where the priee of land is high and the art 
of drainage is well advanced, tile as large as 3 feet in diameter are 
frequently used to take the plaee of open ditches as farm and district 
outlets. Tlie tile have the advantage of being elosed over and thus 
do not oceupy tillable land or divide a field. Wli«ra properly lard 
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there is no danger of the tile filling and there is but little if any 
maint'»B«nco e-xpaiiJio. Wiiter will run faster liniw^lffc *i tile than in 
an op&n ditch; hence, the tile can be much **«siller Stiih the open 
ditch. The open ditch has an advantage in holding more water after 
a rain, though perhaps not carrying more, BecAuse they are in a po- 
sition to know the value of the improvement made by closing tin 
open ditch, farmers must determine for themselves wh«i it i« profit- 
able to use tile. 

Rfost States have drainage laws wliidi cover the le^nl points in- 
volved in making the district outlets. 

KINDS OF TILE IN USE. 

Two kinds of draintile are in common u.se, viz, clay and cement. 
Clay tilo can bo made from any good clay suitable for making brick, 
ulthough tjie b»ttor the grade of clay the l>et-ter the quality of the 
product. They range from 2 to SG inclies in diameter and from 12 
inches in length in the small sizes to 30 inches in the largest. All 
tile should bo free from warps, uniform in shape, and smooth at 
the end. In Ohio and the States to the cast both the hexagonal and 
the round tile arc manufactured, but west of this only the round tile 
arc made. Some eastern farmers prefer the hexagonul and octag- 
onal to the round forms, claiming that they are more easily laid. 
Others prefer the round tile, giving the same reasons for their pref- 
wenee. The hexagonal and octagonal tile are not as strong as the 
roimd and will not hold up as much weight. The round are more 
easily shipped and hauled. Uoth kinds do effective work, but the 
proportion of hexagonal and octagonal used in comparison with 
round is small, probably being not more tliau 2 per cent of the total. 
The writw prefers the rowiid tiio. 

CLAY TILE. 

Soft, medium, and hard-lmrned or vitrified clay tile are made. It 
costs less to make the soft-burned than the liard-bumed tile and the 
selling price is lower, hut the quality is not so good. Soft-burned 
tile have doiiff good swvice, however, and when put und«r ground 
below the frost line have lasted indefinitely. The best tile are burned 
to a cherry red and when struck by a piece of steel give a sharp, 
metallic ring. In the North, whei-e they are laid above the frost 
line, only the hard-burned tile sliould be used. Ilard-burned, or 
vitrified, tile arc practically nonporous; thus, they absorb little mois- 
ture and unless water stands in them they are not injured by freezes. 
A tile that cracks and shatters in winter when lying in the yards im- 
protected from the weather is not fit to use above the frost line and is 
not the beat under any co»ditioH«. 
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Thick tile make the best joints. Those with thin sides, especially 
in the smaller siz^, arc likely to slip out of place and leave openings. 
Some manufacturers who ship tile make them with thin sid^ to reduce 
the weif£;ht »nd the cowseqiiant cois^ of td^rwpo^Mii&n. A 4-inQii tile 
rfionld weigh at least G pounds, a 5-inch 8 pounds, and a 6-ineh 11 
pounds. Some factories make them heavier than this, which is better, 
so far as utility is concerned. 

Tile factories are located in tliosge seetions where the product is 
most used. In places where tile are needed and can not be obtained 
at a reasonable cost, a; plan often followed with success is to make 
them in connection with a brick plnnt. The additional molding and 
drying apparatus required can be secured at a small cost, and if cov- 
ered kilns are used the burning cau be done s«tisfrtctorily. The 
open-top kiln may be employed, but ordinarily in this type some of 
the tile are not well burned. The plan of making tile in eonnection 
with a brick factory is recommended for the South, where tile are 
needed but where the demand is not yet smfficient to warrant the 
cet«blishmcnt of special factoris^. 

CEMENT TILE. 

Cemant tilti, mi*le of cement and sand or gravel, have he&n used 
oxtensively only wiUiij^ Um pust fpw ywws. ^i^t of tlies* «re 
made in Iowa and Minnesota, wh»re they are sold in competition 
with the clay tile. The smaller sizes, that is, under 12 inches in 
diameter, can not be made as cheaply from cement as from clay, but 
over tliat size the eost of production is less. Cement tile properly 
made have a special place in those sections where the clay tile are not 
made or where they can not be bought at a reasonable price. The 
manufacture of good cement tile is a careful process, and unless it is 
well done tlie tile are likely to break down when laid. On account of 
defects in the making liiere have been many fftilur@e wiUi these tile. 

There are a number of cement machines on the market with which 
the careful farmer cau make his own supply. These machines are 
operated either by hand or by steam or gasoline and can be purchased 
for from $40 to $100. Only the best cement should be used. The 
sand or gravel, or the " aggregate," as it is called, should he free from 
dirt and if possible sliould be of various sizes. Bank sand or gravel 
is better than creek sand or quicksand. Crushed gravel or stone is 
suitable, but the size of the aggregate should never be more ^Jian one- 
half the tUicki^ees of tlie wall of the til*. To make tlie best product 
on the farm 1 part of c«Tiont, by measure, should be used to R parts of 
the aggr«gat«. With good sand and careful hantlliug the propor- 
tion may be 1 to 4, but this is not generally advisable. The elose: 
proportion is n»cee6«-ry to make the tile strong and less porous. 
AVhere wider proportions are used the tile are likely to break down 
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whan placed in the fp'ouiul. Tlie old idea tliat eement tilo should be 
^roiis is errojieoH*. The ^ee poro%w Ute Hie, whet^iw" eUvy or ceinent, 
tlie better it is for all purpofics. 

The etiinont and the ii^grcfjnte should l)e well mixed b«fore mold- 
ing. Too mueh einpliasis can not be plaeed upon tliis point, Suf- 
fieieut water sliould be added to uiako the mixture moist. A wet 
mixture makes a less porous produet, and therefore is preferred to a 
drier one, althoii<;h it requires uioro molds to keep the maehine goin^, 
as the molds can not be removed so soon after making^. It is essen- 
tial that tlie umehiue have ir packer that will paek the mixture in the 
molds well ; other^vise tliere will be defeets in the tile. 

The eiirlngf is n erueinl pniut. AVhen the tile are taken from the 
maehine they should be placed in t-he shade. TIk longer t4ie mold 
is allowed to reuiain around the tile the better. After the mold is 
removed the tile should be sprinkled twiee a day for three or four 
days or until thoroufjhly enred. Cai*o nuist be taken not to miss any 
in spriukliiiff, as this will cause cheeks and eraeks. After eurin^, 
the tile eau be stored in any place desired until used. A well-made 
and well-eured cement tile, like a good elay tile, when struck with a 
piece of iron, will have a sharp metallic rin^. 

T^argo cement-tile fnctorios in several States are equipped with 
steam tlriers, with whioh the curiujr oan be done to the best advan- 
tH^. Owiuff to the failure of umuy fanno«*s to proceed properly, 
particularly in euriug, some of the larger eemont companies advocate 
the manufactTire of sucJi tile only In these factories. 

On© barrel or 4- t^ibic fe#t of <*wnefit us#d in the proportion of 1 to 
fi will make approximately the following number of the various 
sizes of t ile : 

■4-Uuh a*n 

,VIncli , 17« 

B-Inch 136 

7- IncIi - lOfi 

8- Iiirii 81 

TO-Incli ,^S 

12-IncIi 41 

With a hand machine one or two men will make two hundred 
4-iuch til© per man per tlay. AVith power attachment the capacity is 
^renter. Knowing tlie price of cement and sand and the expense of 
oparafcing^ a nmchine under farm conditions, the cost of tile can be 
easily ascertained. 

PROPER SIZE OF TILE. 

No tile smaller than 3 inches in diameter should be laid. The 
3-inch tile are recommended only where the latt^rals are close together 
and the fall in ample. Kvwi under these condiyoiie Uieir advi««bility 
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is questioned. A few 3-iiieh tile were laid in Illinois when tile drain- 
age was first introduced, but they were soon discarded. The manu- 
facture of this size hi that State w^ ^mGmtin^i^d 06- y««*3S »f;o, and 
in Iowa it was never really begiin. 

The smallest size now found in eommon use in these States is the 
4-inch, and the tendency in largo drainage projects in both Illinois 
and Iowa is to use ni@^bia^£ s^aliiM- thi^i, S-mdi tile. It is claimed hy 
tlie farmers that the 5-ineh are more efficient even on small areas 
than the 4-inch tile, and, costing but little more to buy and no more 
to lay, on© is justified in using the larger size. The use of 4-inch 
tile, however, should not be wholly abandoned, as they are lar;?c 
enough to be e«eily l^M, *nd wiihin their limitations do satisfactory 
service. 

It can be seen from these statements that no hard and fast rule for 
the size of tilo can be given. To be of the highest eflicicncy the tile 
must be of sufficiont size to remove all surplm ^«^«r l^fore the crops 
art) injured, evm after the heavieet rainfall in a continued wet 
p«riod. It is boit^.. t® i^rj tq^ l*rg« tile ^«n too small. In actual 
practice with the dai"!? silt-lwim soils of Illinois and Iowa, where the 
rainfall approximates 3G inches a ycnr, an 8-inch tile with a fall of 
2 inches to 100 feet will furnish an outlet for the complete drainage 
of 40 arres, a T-inch for 30 acrei, a G-inch for 19 acres, a 5-incli for 
10 acres, and a 4-ineh for * a 'rc^-s. On stiff soils with equal rainfall 
the same- ^ized outlets will be found adequate, but on the level soils 
of the South Atlantic and Gulf States, where the rainfall is heavier, 
on\y al>out three -fourths of the area can be drained with the same- 
sized tile. 

"V\^le^e the lands arc rolling, a part of the water is taicen off on the 
surface. Kandom drainage is here usad, «ad the *«re*ge which tjic 
tile will drain is accordingly greater. With « jgreatw fall larger 
areas can bo drained. 

LOCATING THE TILE DRAIN. 

A system of tile drainage may consist of a main, Rubmains, laterals, 
and sublaterals. The main is the drain through which all the water 
eventually flows. A submain collects the water from the laterals and 
carries it to the main. A lateral is a branch drain that empties into 
a main or ^kmaki, while a «u¥l«t@rAl i^ a braneh thfct emptaee irakl 
SI lateral. A system may contain all these parts or it may consist of 
only a main and a lateral. Sometimes only a single line may he 
necessary. 

The farmer, knowing his land, the supply of labor, and his ability 
to financp- a drainage project, is in a better position to decide when to 
tile-drain and where to locate the drains than any other person. 

5»ee2*— Itull. 524 — 10 2 
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Fully 90 par cant of the tile-tlrninago work in the United Staiae ha« 
be«n d(me »imler Uie fiim«*rs' own plana and directions. Th« plan 
that is widely follow»<l in the Middlo Western Stat^ has miieh to 
reeommcnd it. Here the fann&r docidus upon the drainage he wants, 
locates the drains, and then enifa^os a ^rveyw or civil en^neer to 
do the leveling?. 

"WTiere it is possible to in itill fi uhole drainage system on a farm 
at one time it is by all means advisable. In aetunl i>raetice, how- 
ever, sueh a condition seldom oeeurs. Xot many farmers have the 
money, tirne, or labor to do it all within a short period, or even 
within a year. Therefora most of the tile-drainage work must bo 

done as it has been done 
in the past, a part at a 
time, until it is all aeeoin- 
plished. This means that 
the fanner should first 
drain those parts of his 
farm that need it most or 
on which the profits will 
be tlia f^T4Hitc!^t, locatia^ 
tlia drains in tha lowowfe 
places, or whetre tl^e snr- 
fac« water flows after a 
heavy rain. As the work 
prepresses be can observe 
the results, make improve- 
ments in the methods, and 
decide for himself what 
further land needs drain- 
age. The nl t i mate sya- 
t«n, howav&r, shonld always Ix^ kept well in mind. The m«tB« 
sliould be put in fii*st. The system as a whole may bo either of two 
kinds — at random or complete. In the random system (fij?. 3) only 
Ujo wet places, or those which the farmer thinks must be drained, 
are iniderlaid with tile. The random system is most commonly used 
on rolling lands. The complete system is one in which all the land 
is artificially drainetl. This is illustrated in figures 4 and 5. 

In laying out a system for e<*onomy in installing, few mains and 
long laterals slioidd bo used. Near the mains both the laterals and 
tlie mains drain tJie land; eonsequaotly, tb« 1^ overlapping tha leas 
the wa»tts by double draining. For tliMi rai^st^ tJie number of Ule 
and tlie cost of putting them in is f^p9m^ ift «y»t«m ildiMeinitad in 
figure 4 tJian in the one shown In 'M^tW^ ^ alwlim*^ ^bt tw«ys*e«j6 
dr»in ^iwJ itvma of land. 




riH. 3. — Sketch nhowtng ft " mndom " drtilnnKK 8y«- 
tcm anA th« lorntlnn ol ttlo um>(] In dralnlnK '40 
•crw or lantl In Scott Oouiitr, lU. Only part of 
thlm tftntl necdiKl dratvagv. 
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DEPTH OF TILE AND DISTAWCE BETWEEN LATERALS. 

The depth of the tile and the distanee hetwecn the laterals can not 
be determined without knowing all the conditions. The deeper the 
drain the wider the area it will drain, so in open soils it is economy 
to have the drains deep and far apart. The roots of plants penetrate 
the soil farther with deep than with shallow drains. Tile, however. 




Fio. 4. — Sk«teb shewlRg n systtvn of <lrn\n- FlG. 5, — Sketch showing a ByBtem of drnln- 

ft^ 1^ «4i}^ the cmt of teBtHlimc. l0 »t^;.l>7 the atm of ttoable-^nlBad 

(»ci*eiMe(l too iDu«b douhle draining. land 1« ]%cluc«^ to A aalnlnum. 



should be put sufficiently shailpwr to allow the water to get dowa to 
them and be carried away before it injures a growing crop. In the 
East, o« «lo»«is#tifr soils, from 2 to 3 feet is considered the best depth, 
with an increasing tendency to put them deeper. In the Middle 
"Western States, on the blaek lands with joint-clay subsoil, from 3 
to 4 feet, with an average of feet, has proved the most successful. 
In the South, on the sandy-loam soils with n clay subsoil, tile 3J feet 
deep give satisfactory results. In cutting through high places to get 
to lower levels it may be necessary to dig deeper than is here sug- 
gested, but tiwae ni«y be no drainag* of tlio land wliwe the ttifejif 
624 
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tieepoet. In pe«t fuid muck soik the Iftnd is likely to settle after it 
is drained. Vor this re»M)n, to preserve their aligninent the tile 
should be put down in the elay or they will havo to be rclaid after a 
few yenrs. 

In the Knst, for general farming purposes, the Internls nre placed 
from 32 to 70 feet apart. In draining orchards a lateral is often laid 
bet ' i-eu Pirh two rows of trees, regardless of the distance apart. In 
the Middle AVest, on the higher lands and elos«r soils, 8 rods apart, or 
132 feet, has proved satisfactory. In order to get on the land quicltly 
after a rain, some farmers prefer the laterals 95 feet apart, although 
thers is no increase in yields from this praetiee. On the level lands 
with porous subsoils, 10 to 12 ro<ls is the usual distance between 
laterals. Tile laid deep and 20 rods apart hiive given good drainage 
in some instances. 

At Sfarion, S. C., laterals 100 feet apart on sandy-loam soil with 
clay subsoil, Uie tile b«inf^ laid 3| feet d«ep, have proved amply 
elTective. 

In all Beetions, for trucking, the laterals should be put closer thaji 
for general fanning, usually not more than 40 or 50 feet apart. A 
safe guide in locating laterals is to place them so close together that 
thiiro will bo no perceptible ditTeroiice in the growth of crops between 
tibetn. i 
PREPARING TO LAY THE TILE. 
GETTING THE NECESSARY FALL. 

In all eases the greotest fall possible should be obtained. The more 
fall a til© has tlve faster the water will run tJirough it. If the fall 
is lefis than 2 inches to 100 feet carehd leveling must bo done. I^argo 
tile are frequently laid with a foil of 1 inch to 100 feet. '\\Tiere there 
is suflieient fall obove to force the water through, tile have been laid 
on the level for a short distance, in order to keep the depth. This, 
however, is rarely a good thing to do. In sandy land, tile should 
have at least 3 inches to 100 feet, so that any sand that enters may be 
washed out. For tile 4 inehes and larger a fall of 3 inclies to 100 feet 
is eonsiderod good on any ordinary soil. 

If the land is level, the drain must bo »t<artflid d«ep at the outlet in 
order to get the fall. Thus, if there is no fall in the surface for 1,000 
feet, 2 inehes to 100 feet can Ikj obtained by starting the drain 5 feet 
deep at the outlet and running out to 3 feet 4 inches at the source. 

A\^iere the outlet is not low enough there are several methods by 
which the proper fall for tile c«n ho secured. All of these methods 
ai*e dependent on pumping. One plan is to run the drain into a 
well and then pump the water to a higher level, from whieh it is 
carried to the outlet. During hea\'y rains the mouth of a tile drain 
may be aubmarj^ed tLud ronde««d u oo i lc ii w uAi^l l^ie wM»r go^ down. 

624 
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WHiore this condition is likely to prevail for several days, or long 
enough to injure the system or the crops, n silt basin with two com- 
partments has proved successful. A trap between these compart- 
ments is closed in times of high water and the water pumped from 
the first into the second. As this gives the water a good head, it is 
forced out. AVhen the water goes down, the trap is opened and the 
pumping ceas«s. 

DRAINAGE TOOLS. 

The special tools most commonly used in digging a ditch and lay- 
ing tile are tile spades, a shovel, a drain seoop, and a tile hook (fig. 

C). The tile spades are 

of two kinds, solid and 

open. They are from 

16 to 22 inches long, 

the 18 and 20 inch sizes 

being most used. The 

spade for digging ti\G 

top of the ditch is 

usually 5J inches wide 

at the top and 6 inches 

at the bottom. The 

solid bottom spade is 

5J inches wide at the 

top and 4J inches at 

the bottom. The open 

spades are used in dig- 

giuif mucky or sticky 

soils. The shovel used 

is an ordinary earth 

shovel. The drain scoop 

is made in various 

sizes to suit the size of 

the tile. These are not 

over 8 inches, however, 

hut e»ii b» umd for 

larger tile if necessary. 

All these tools except 
the tile hook can be bought on the open market; if not from a local 
dealer, certainly from a wholesale hardware company. The hook 
eiiu be made by any good blacksmith by taking the handle of an old 
rake, hoe, or fork and fastening a hook in the end. This hook is 
made from a J-incli rod, uud is 9 to 10 inches long. 

Several machines are made for digging the ditches for tile drains. 
The best known of those is the trenching machine. This has proved 




^m. Q. — UralRAK^ tools. BMcrlpUon (from lett to 
right) : SaWd top spftde; Bolld bottom Bpu^ Mrt 
Hhovcl, 4-lncb drnln cloaB»r, B'Inch drain cleaner, 
tile book, open top Bpado, find open bottom tipade. 
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profitable onoii|fli where there is miSicient drainage work either on 
an individual farm or in a community to warrant the purchase of 
a nmchine. An efticient oiierator, lonj? laterals, and short di«tefi@e6 
hetwoen jobs make its nso more advantafjeoiis. On ordhiary »oi4s 
tlie traction ditcher will dig the ditch cheaper than hand labor, b»t 
it is not woll adaiitcd for stony or stumpy land. 

DIOOIIfO THE DITCH. 

A ditch sliould bo started at the outlet and dug hy a line. It must 
bo kept clean-cut and straifjht, for any crook that occurs in the top 
is likely to be greater in the bottom. If the direction is changed 
it should bo dono by an easy curve. In following an old watercourse 
th» tjle should tivke a stra-i^ht route and not follow the bed of the 
a^x^aui (fig. 7). Sharp turns must lie avoided. Whwe a lateral 
joins a main or siibniaiu it should l>e at a small angle, so that whan 




Fm. 7. — a)c«teh KhowlniE thn ntmlaht cmintt. thnt A tllo drnln Khn4l4 tmMm |a«lifl4 ot 

foUowlaif the nltarp tiirnn of an old wat4>rcniiT«u^. 

the t-ile are laid the velocity of the wator flowing: from one into the 
othar will Imi l>nt littje checked. 

The ditch need l)e no wider than is necessary for the lalmrars to 
work lu conveniently, as an extra width means iinnecessnry removal 
of earth. For a 4-foot drain with a C-inch tile, or smaller, 12 inches 
at the top is ample. For deeper drains or larger tilo more space is 
required. A ditch not more than 34 inches deep can bo made in 
two spadings with 18-incli spades, but for ditches deeper than that 
tJie surface must fe« peinoved with a sliovel or an extra spadin|r 
taken. 

Figure 8 shows a 41-inch ditch for tile. It is 12 inches wide at 
the top and 7 inches at the bottom. The first man removed 0 inches 
of earth with a shovel. The second man, using an 18-inch spade, 
threw out IC inches and then cleaned out his crumbs with a shovel. 
Both of these men were careful to keep the bottom of their digging 
uniform; that is, there were no dips in it. The third man used an 
18-inch bottom spnde (see fig. G) and, by having a level place from 
whiah to di|f, dujf within an inch of the bottom, .\fter he had 
worked baek 4 or .1 feet he laid aside his spade, to<ik up Uie tile 
•cjooj), reinoved the crmube, and finished the drain to the propar 
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grade. Caro was taken to make the bottom round and smooth, and 
when this man left it the drain was ready for the tile. At no time did 
the last man stand in the Lett jm, nor is it good practiee for anyone to 
do so while making a ditch unless it is for large tile and the bottom 
is wide and firm. The method employed in making this ditch is t4ie 
one commonly used on ordinary soils by all good ditchers. 

Where stones are encounter^, picJbra and shovels may bo found beet 
for making ditches. All stones and stumps should be removed and 




Fia. a. — Laborers digging a dltcU preparatory !■! ^c.;ir.K at Columbia, S. C. 



not avoided by running the ditch around thorn. A proper quantity 
of moisture in the ground facilitates the work, as it is diflicult to 
do the digging and make a good bottom eiUier witwi there is t«o 
• much water or when the soil is dry and hard. 

^ DIGGING TO THE GRADE. 

Digging to the grade and making the bottom are the crucial op- 
erations in excavating for a drain. 

Where there is plenty of fall the grade is often mad© in vmi sea- 
sons or on wet lands by usin|^ th© ^V*fee^"for a lev^. If the w»'N»f 
riuis froiu the ditchW* as the bottom is made, it indicates that there 
is sufiicient fall. "WHiere there is no water, a ditcher's level or a 
straight edge and carpenter's level may be of service. 

If the fall is less than 2 inches to 100 feet or if it is necessary to 
go through a rise in the ground to get to a low place beyond, for the 
best work an engineer should run the levels and set stakes 50 feet 
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apart to indicate the ^rade. Several methods are in use by whieli 
the bottom ean be graded from these stakes. If the workmen are not 
familiar with one of these, then the engineer should instruct them, as 
he ean demonstrate the method better than it ean be described. In 
nil eases the bottom should be aeeuratoly leveled so Uiat no water 
will stand in the diteh. 

On» plan ofteii used is to stretch a tight lin© Ofi crossbars directly 
over the ditchi aud 7 feet above the proposed bottiom (fig. 0). By 
measuring frcaji fehis line with a 7-foot pole the location of the bot- 
tom is determined. iTie height of the line is measured from the 



Fta. 1>. — I<aborcr dlf^slng to the prade by means of crosnbars and a tight line. 

ifrade stakes. The engineer calculates the depth of the cut, and the 
line is placed high enough to make the cut and the distance of the 
lino above the stakes equal the length of the measuring pole. Thus, 
if the cut is 3 feet 8 inches, the lino must be 3 feet 4 ineh<'-s above the 
grade stake to be 7 feet above the proposed bottom. The crossbars 
are set at caeh grade stake, or 50 feet apart. In measuring the 
height the first stake or the hub is driven down so that the crossbar 
is the retjuired distance above the grade stake. Then the other stake 
is driven down on the opposite side of the diteh until a carpenter's 
leve-l shows that the erossbar is level. "When two or more crossbars 
are set, the line is drawn tightly from one to the other, held from 
slipping sidewiso by a nail, and fastened to stakes driven in tiie 
ground at the side of the ditch. A 6^ or a G foot ine+isuring pole, 
instead of one 7 feet long, may be used, but the height of tli<j lino 
qbove the grade stakes must be decreased accordingly. 
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LAYING THE TILE. 

Laying the tile, like tligg^iiifj tlic ditch, should bcprin ut tlic outlet. 
Under oi-dinarj- coiulitiuns tilo slioxild be laid every dny as fur as the 




ditcli is made. Any dolny in liiyin(» may caiiKo injui^ to tJio diVch hy 
rain or by jjiirticlps falling into it. If tho banks nre likoly to eavi". 
the tile shoxild he laid ns fiist us the ditcli is coini)leted. 

The smaller sizes ure laid from 
tho bank with a hook, as shown in 
figure 10. l-.arge sizes must be 
laid by hand from the Irottoin of 
the ditch. All misshaped and 
cracked tile should be discarded. 
If a tile doos not join clo««4ly with 
the preceding one it should Ire 
turned over until it fits at^the to]j. 
Any large cracks are covered with 
pieces of tile. AAHiere a lateral 
joins to a main or a submain tho 
connection should bo made with ii 
Y (fig. 11). Neither a T nor an 
elbow is desirable> as these check 
the flow of water. 

When the tile are laid and inspected they are ready for priming. 
This is done by caving a little earth ttom the sides of the ditch 
(fig. 12) and letting it settle gently, so as to keej) from knocking the 
tile out of line. 
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Tn sandy soils tlioro may bo clanger of the sand entering the tiles 
and clogffing the drain. This can be prevented by covering the 
joints with pieces of old sacks or straw. 

FELLmO THE DITCH. 



After the tile are primed they may remain withoxit injury for sev- 
eral days or until all the ditches are ready for filling. If the soil is 
cloee and it is desirabl« to aid the water in reaching the tile quickly, 




Via. 12.— Laborer prlmlntr ttle. 



the ditoh can be partially filled with straw or brush, or, b^ter still, 
with stones and pieces of brick. Under ordinary conditions the 
ditch is most easily filled with a turnplow and an evencr, which is 12 
or 14 feet long. Two hoi*sos are hitched to this plow, one on o«eh 
sido of the ditch, and with one man to lead or drive and another to 
hold the plow the earth is turned in. (Sec fig. 13.) 

There may bo extraordinary conditions, however, where a plow 
can not be used. IJy placing the team on one side of th® ditch and a 
woodon «enit>S!r on the oUiar aide in such QRsm the dirt can be pull«d 
in rapidly. FilUujg by hand is usually the moet difficult and inot^ 
«xpttueive ]B«tUo4r 
n4 
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HOW WATER ENTERS THE TILE. 

"Wlion ft rain falls tho water enters the soil, passes through the 
pores until it reaehes tho drain, and then enters the tile through the 
craeks at the joints. The quantity that enters through the sides of 
even the most porous tile is not worth considering. With tho most 
careful laying there is always ample room for tho water to pass 
through at the joints. Tho longer the tilo are laid, tho more open 
tho pores in ihe soil boeome and the better is fehe draina^. Thus, a 




Pio. 13. — Laborws flUlnff n ditcb with «-tirmplow to wblcb a long eveoar la attached. 



systam of tiling whioh a$>p«irs unaatisfaetory at first may prove 
adequate in tiio eourse of HmG. Niiturally tho more porous the soil 
tii« m@>r« reftclily waier will pmm thTou^ifh it. The percolation in 
c^ose soils is irap^P©v«d by d#ep pkiwiug amd aubsorling. 

UtS OW A TILE DRAIN. 

The life of a' feile is unknown. The first iti the Unitad States were 
laid in New York nearly 75 years ago and these ar^now doinjf asgood 
service as ever. There are numerous instances where tile liaye hmm 
in iiso more than 50 years with no sign of deteriorati©n. In fact, a 
drain of good tile pi-operly laid may be considered permanent. 
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USE OF SILT BASINS OR SAND TRAPS. 

Silt basins or sand trai)S aro used to eateli silt, sand, or any other 
material that gets into the tile and to furnish a connection between 
lBt«'«is Kiud in»ias or 8ubiKi»ins. They ^Iso serve ks iutsJcas iav sur- 
face vvfttAr und as a |>hiee to inspect tlie tile. Such a b«sin extends 
2 or 8 feet below tlie tile. Tt is walled up with brick or some othar 
material and is covered. Two or three large sewer piixss st«l)ding <m 
end with openings in the sides make a good basin. 

PROTECTION OF THE MOUTH OF A DRAIN. 

The bank at the mouth a drain should bo kept from caving and 
closing it. This can bo done with a cemwit vyall, as shown in figm-e 




14. ®la©« aaid briek will utiswer the snuie purpose. Sometimes 
sevwat f«»t of pip* ftiade of corrugated galvanized iron or other 
metal are used. Any injury to the mouth of the tile whereby the 
water is held is rniuons to the wliole system. Wires placed over the 
and will keep animals from antcring. A valve may be used to keep 
the water from backing into flie drain *hfe tile mouth is mibno&rged. 

LANDS THAT REQUIRE ARTIFICIAL DRAINAGE. 

lAnds that are too wet for the niont [>rofitabIe pro<luction of crops 
can ^Mftiily be c»sily pointed out. Those include wet level land, low 
set 
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gpots, flat itFCfts iiuderlHiu wUli clay on the summits of knolls and 
ill swamps, rivor and creek bottoms, nnd peat Ixigs. 

Tjimds that may or may not bo too wet for eultivation hut "whifh 
are improved b}'^ drainage are hillsides subject to erosion, stifT soils, 
and sowr or alkaline spots. 

Open, Siiud}' soils "with a rollin*? surface need no artificial drain- 
a*?o exeept in occasional depresnion.s "where the water accumulates. 
Some porous soils with good surface drainage ma}' be improved by 
iM'tificiftl diwuMge, but oftwti not enough to \yky for the co*^t. 

Tu mc^ojiH Uke ntirtheni Minnesota and east««*n NortJi "Dakota, 
where ^lo annual rainfall, itlthough li^ht, is not iniiformly dis- 
trfebat^tf, but eonies in a few spring and summer monfelis, artifieial 
drainftge is essojitial to the most profitable production of crops. 

DRAINING HILLSIDES. 

Underground drainage is frequently found profitable on hills and 
hillsides in impeding erojjion, draining seepy jjlaces, and improving 
the productiveness of tho soil. ThuSj on the so-ealled abandoned 
hill farms of New York, luiderdrainage is one of the first requisites 
in making the soils profluctive. On the gently sloping lands in the 
South a part or all of the terraces may be removed by underdrainage, 
whilli'on steeper lands the numb^ m^ay bo decreased. ^ 

Tn^draining hillsides tJie tile m«y be run diagonally around we 
slop® or, as is roeommended in mo&i cases, straight or n«*irly sl^night 
lip the side. A diagonal drain will not take WRtcr from the lower 
side; hence, it will not drain so jrreat an area as the vertical method. 
AVhere there are natural draws down the hillside the tile should fol- 
low these. Under all cireumstances the drains should be located to 
eatch the most water. 

AVhere water runs off the hillsides and floods a level or swampy 
area below, the low Jands caji bo protected by placing an open ditch 
or a tile drain around the fjMse of tlie hill. If an open ditch is made, 
fche earth should be tlirown on the lower side for a I#¥«e. Wliatever 
drain is employetl, in ord*r (o intercept aJl th© seepage water it must 
be d^p. 

DRAINING POKDS. 

In draining ponds or potholes where the water from the surround- 
ing lands c<^llects, the tile must be larger and laid closer together 
than on level land, as in i*«»lity thwe is more ar€^ than the pond to 
drain. A line of tile run aroimd the edge will intercept any seep- 
age water (fig. 15). AVhere the top soil in a pond is mucky and 
will not let the water through, an intake will do much to relieve the 
situation. In order to reach a pond or low place, the outlet tile 
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must often \m placed deep to secure n proper fall. Thwo is no ob- 
jewtjon to this, but it inny bo too deep to drain the land it {ms«€« 
til rough. 

COST OF TILE DRAINAGE. 

r)rainng6 outlets constructed for a farm or a district cost various 
sums per acre of land, depending upon the nature of tlie outlet and 
of the area in the district benefited. The price for excavating a large 
ditch varies from 8 to 14 cents a cubic yard. This may make the cost 
per acre as low as $1 or in exceptional cases $15 or more. Not many 
outlets, however, cowt over ^ for every acr« of land drained. Of 

course, if »n adequate outlet is 
already present, this part of the ex- 
lieuso is eliminated. 

The cost of tile drainage is in- 
fluenced by the price of tile, thg 
transportation expenses from the 
factory to the farm, the cost of 
digging the ditch, laying and prim- 
ing the tile, and filling the ditch. 
The price of tile varies with the 
section in which it is manufactured. 
In Ohio, Indiana, Illinois, and 
Iowa, ■where most of it is made and 
tlic cornpetition is strongest, the 
price is the lowest. In the East, 
Fio. 1,1.— Sketch Bhowing n lino ai tur whero the manufacturers sell just 

Ink] ftround the edge of a pond to , , ^ . ... , 

Intercept .eopBije water and acroes low enough to compete With the 

the poBd to drain It. delivered price of the Middle AVest, 

Uie cost is higher. Southern prices are practically the same as in 
the Kast, while in the far West tile are higher than in any other part 
of the country. Mo«t factories aeU tile by the thoiwand fact. In the 
Middle W«»t ttie following prices of the various sima prevail: 



»!««. I'rlce per 1,000 feet. 

4- Inch t tlS to ?ia 

5- liicli 18 to 2S 

0-Hlch 24 to S4 

7-lncli, M to 49 

S-lncU 4S to no 

10-Inch (10 to 110 

12-lnoh no to iriO 



Prices in the East and South are about 50 per cent in excess of 
these, while in the far "West they are about 70 per cent higher. 

The expense of transportation is determined by the distance tile are 
shipped and the cost of hauling them from the station tt) the farm. 

Digging the ditch and laying and priming Uie tile are usuully fig- 
ured as one operation. This is don© either at so much per rod or by 
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the day, (ho former being the more eommon pnietiee. The priee of 
tho "work and the amount aeeomplished per day are affeeted by the 
.size and depth of the tile, the charaeter of the soil, and the skill of 
the workmen. The work is eheapest in the Middle West, while 
higher rates prevail in the East and South. A skilled workman, 
one who digs rapidly and is eapable of making the bottom, generally 
9»rns from $2 to $S.50 a day. Un«kill«4 laborers may be secured 
for $1 to $1.50 a day. On ordinary soils in the Middle West the 
average capaeity of a good workman with a 3-foot diteli and not 
over 5-ineh tile is 10 rod.s a day. In the Kast and South sometimes, 
on aeeount of the eharaeter of the soil, the capacity of a man is from 
4 to 8 rods with the same depth and tho same size of tile. An aver- 
ago priee in tho Jliddle West for a 3-foot diteh is from 25 to 30 
cents per rod with 4 or 5 inch tile, 35 to 40 cents for G-inch, and 50 
cents for 8-ineh. For ditches deeper than 3 feet, the priee usually 
increases at Uie rate of 1 cent per rod for every additional ineh in 
depth. Ordinarily, however, the price is iigured on the average 
depth of tho entire diteh. The diteh can be filled with a plow for 3 
cents per rod, and sometimes for 2 cents. ^Vlien done by hand or 
with a scraper it is much more than this. 

The cost of drainage per acre will, in addition to these factors, 
depend on the tile required. If laterals are laid 100 feet apart it will 
take 43G tile for every acre, in addition to the tile needed for the 
main and submains. If 4-ineh tile at $20 per thousand, including 
transportation, are used, the tile would cost $8.72. The cost of dig- 
ging the diteh and laying and priming the tile, at 30 cents per rod, 
would be $7.93, and the filling, at 3 cents per rod, 79 cents. Thus, 
the cost per acre, exclusive of the mains, submains, and outlets, totals 
$17.44. With closer laterals, or larger tile, of course the cost will be 
greater. However, where land does not require thorough drainage 
the maximum benefits may be obtained with an expenditure of $7 
or $8 per acre. The co it of drainage is therefore a problem in itself 
and must be determined for the locality in which it is done. 

BENEFITS OF DRAINAGE. 

The benefits of drainage are readily apparent to any intelligmt 
ol>sc-rver. Some of the most obvious results arc ae follows: 

It usually increases tlie yields and profits of erops. 

It makes lands that, we uncertain prodttetion prod'uce erops 
every year. 

It brings into cultivation lands otherwise worthless. Not only can 
swamp lands be made tillable, but on farms where there are places 
too wet to cultivate, drainage will improve the land and eau»e it to 
produce good crops. 

Drainage improves tho physical conditjom of tfc* »oiI by making it 
more granulated, porous, and friable. Thus, *tiff soils are more 
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ensily handled, the plnxits linvo a greater feeding area, and the avail- 
able moisture in the soil is increased. Soils iilso absorb more of a 
rainfall, thci*eby decreasing erosion and damage by floods. 

Drainage warms the soil. The evaporation of moisture by the sun 
requires heat which, if the excessive moisture is removed by drain- 
age, is used in warming the soil. Tliis is noticeable in the North, 
where the planting season is froui one to two weeks earlier on drained 
thiin on iindrarned land. The dange-r of damage by frost both in the 
spring and in the full is rcdueod. 

The warming of the Hoil by drainugn eaiises the seed to germinate 
more readily, thereby giving ii better stand of crops and causing the 
plants to grow more promptly. 

Drainage aids in the preparation of land and the tillage of crops. 
Ijand can ho plowed earlier in the spring and is better pulverized. 
Crops can be cultivated sooner after a rain, and by closing small 
ditehes with tile drains more improved machinery can be ueod and 
the cost of cultivation decreased. 

Drainage improves the henltli conditions, f'erhape there is no 
bo4tcr illustration of this t^inn Uie number of mos<|uitos t^at were 
found in parts of Illinois and Iowa when first settled. Wheai the 
land was drained most of the bi*eeding places of the mosquitcw were 
removed and with them the consequent malaria. 

PROFITS FROM DRAINING. 

It is not uncommon for lands too wet for cultivation to produce 
when drained HO to 70 bushels of com and oats or from I bale to 1^ 
bales of cotton per acre. Ou a great deal of land the increase in 
yields is often from 25 to 100 per cent. In some years on some wet 
soils drainage may not pay, while ou others it may be necessary in 
order to save the entire crop. By increasing the yields and de- 
creasing^ the cost of cultivation, the profits and the value of the land 
are oft«a doubled. 

The writer has met thousands of farmers who have used tile drain- 
age, but in no instance where the work was properly done has he 
found anyone dissatisfied. Farmers in the Kast who have used tile 
drainage state that it is one of the most profitable investments made on 
the farm. A planter in Sonth CaroUna with three years* experience 
fitated that tile drainage had made land that never produced ii crop be- 
fore grow heavy crojis of cotton, corn, oats, and cowpcas, and on other 
land had inereas&d the yields and decreased the coat of production. 

Perhaps the situation is best summed up, however, in the follow- 
ing statement of a farmer with 32 years' experience in Illinois who 
owned 1,000 acres of land, all of which he had drained: "On soils 
needing drainage, no farmer enn atford to be without it." 
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